The purpose of this retrospective study was to evaluate nursing home quality measures (QMs) available in a national database called Nursing Home Compare. The aim was to determine whether differences in QM scores occurred with changing staffing-level mix. Subjects: All Missouri nursing home facilities were included for the analysis of the 14 QMs downloaded in February 2004. Methods: Analyses of variance were used to examine differences in the dependent QM scores; the independent range of staffing levels for 3 disciplines, certified nurse assistant (CNA), licensed practical nurse (LPN), and registered nurse (RN), was analyzed on the basis of their number of hours per resident per day worked in the nursing home. Planned contrasts and post hoc Bonferroni adjustments were calculated to further evaluate significance levels. Finally, residents were used as a covariate to determine effects on significant analyses of variance. Results: Care is proportionate to the percentage of CNA/LPN/RN staffing-level mix, with 2 long-stay QMs (percentage of residents who lose bowel or bladder control and percentage of residents whose need for help with activities of daily living has increased) and 2 short-stay measures (percentage of residents who had moderate to severe pain and percentage of residents with pressure ulcers) revealed differences in mean quality scores when staffing levels changed.
T he nursing home setting is receiving heightened attention because regulatory approaches have not brought about consistent quality of care for very vulnerable and fragile elderly residents. 1 Public scrutiny has caused increased regulation; however, it remains unclear whether increased regulation has resulted in organizational performance improvements. Researchers have suggested that the current nursing home environment is one of mistrust and skepticism. 2 General apprehension among staff, residents, and administrators is a prevalent behavior noted in nursing home research to date. 3, 4 The quality of nursing home care has been of significant concern during the last 3 decades and continues to remain a concern at the beginning of this century.
The purpose of this retrospective study was to evaluate nursing home quality measures (QMs), which indicate areas of resident care where potential concerns exist. The QMs, derived from Minimum Data Set (MDS) evaluations, provide objective measures to compare the population (percentage) of residents who enter a nursing home facility for postacute care or long-term care. Information from this database was used to compare how well nursing home staff was able to manage different aspects of care such as pressure ulcer management, assisting residents with activities of daily living, and for providing pain relief. Furthermore, data linking both QM outcomes with Nursing Home Quality Measures and Staffing 243 staffing from the same data set provided important clues into what skill sets are needed to maintain quality. The QMs used in this evaluation were obtained from the Nursing Home Compare national database, which contains QMs from all nursing home facilities in the United States; this analysis included only Missouri facilities. Facility-level data, downloaded from Nursing Home Compare in February 2004, were used to determine whether differences in QMs occurred with changing staffing levels (certified nurse assistant [CNA] , licensed practical nurse [LPN] , and registered nurse [RN] ), also reported in Nursing Home Compare.
BACKGROUND Nursing home population
Consumers of nursing home care are largely elderly persons in the oldest age groups. In 1999, 46.5% of nursing home residents were 85 years and older; 43.8% were between 65 and 85 years. Twenty-seven percent of residents stayed for 3 years or more and 30% stayed from 1 to 3 years in the nursing home. 5 The low percentages of residents who were able to perform activities of daily living for eating (53%), walking (21%), dressing (13%), and bathing (6%) are reflective of the extensive care needs for residents in these facilities. 5 Individuals in nursing homes fall within the following groups: short term receiving acute care management and rehabilitation; short term for terminal/hospice care; long term with primarily chronic health problems; long term with dementia; and long term with both chronic problems and dementia. 6 Stevenson 7 contends that the longterm care population is increasingly older, frail, and cognitively impaired.
Nursing home staffing
The Institute of Medicine 8 identified positive relationships between nursing staffing and quality of care and reached the conclusion that there is a strong need to increase overall levels of nursing staff in nursing homes. The conclusion of the Institute of Medicine report was that more research was needed to refine the relationship between staffing and resident outcomes. 8 Studies on staffing and quality of care support the contention that both the level of staffing and the mix of staff are directly related to quality. [9] [10] [11] [12] In nursing homes, staffing issues are often studied as costs associated with care delivery. 13 Exploring the costs in nursing homes has led to inconsistent conclusions. 13, 14 The consideration of how staffing levels specifically should be changed in light of the highly sensitive issue of cost has precluded policy formulation and regulation.
The Centers for Medicare & Medicaid (CMS) has funded research to investigate how innovative information technologies implemented in nursing homes enabled all levels of nursing staff to deliver quality resident care. In the CMS study, nursing home quality increased because of improved charting of sensitive care actions of nurses and nurse assistants documented at the bedside. 15 The consideration of how staffing and quality are linked was also considered by Bowers and colleagues 11 ; inadequate staffing prevented the nursing staff from developing or demonstrating relationships with residents, thus preventing high-quality care. The prevailing view of consumers is that nursing homes must have enough staff, consistent staff, and low turnover. 16 Researchers completing this study hypothesized that nursing home staffing levels and mix would directly influence QMs.
Quality measurements
The CMS began an initiative on Nursing Home Compare in 2002 to develop an enhanced set of QMs that would make it easier for consumers to compare quality, deficiency, and staffing information about the nation's 17 000 Medicare-and Medicaid-certified nursing homes. 17 Currently, there are 19 total QMs available in Nursing Home Compare, including 14 long-stay and 5 short-stay measures ( Table 1 ). Longstay measures are obtained on patients who enter a nursing home because they are not able to care for themselves at home. 18 These residents usually remain in the nursing home for several months to several years. Short-stay measures are obtained on patients who are admitted to a nursing home facility for a stay less than 30 days. Acute care patients typically are just released from a hospital or involve Percentage of short-stay residents given influenza vaccination during the influenza season Percentage of short-stay residents who were assessed and given pneumococcal vaccination a Quality measures available at the time of this study. b Mean score more than 10%, indicating more than 10% of residents reported to have this condition. high-intensity rehabilitation or clinically complex care. 19 The Nursing Home Compare database provides vital information that is available to all researchers, consumers, and nursing home facilities to compare nursing home services rendered. The database contains facility-level information generated from quarterly reports; examples of data available are staffing information, facility survey dates and citation histories of reported deficiencies in care delivery, demographic data such as ownership type, percentage of occupied beds, total number of residents, etc. At the time of this research, the national database, also known as the Minimum Data Set Repository, contained information about 14 QMs collected in nursing homes. 19 Five more QMs have been implemented and are required to be reported by nursing homes since this study was conducted. The MDS is collected at regular intervals for every resident in a Medicare-or a Medicaid-certified nursing home. Information is collected on the resident's health, physical functioning, mental health status, and general well-being. These data are used by the nursing home to assess the needs and develop a plan of care unique to each resident. All of these data are reported by the nursing homes themselves. They are reviewed by nursing home inspectors, but not formally audited to ensure that they are accurate. 17
METHODS

Sample
For this retrospective study, the national database was downloaded from the Nursing Home Compare site in February 2004. Access, a relational database, was used to query the large data set to capture all the QM information for Missouri nursing homes (N = 510). Four folders within the database were included in the data set and used for this study. These folders hold information about nursing homes, nursing home residents, nursing home inspection results, and nursing home staffing.
Procedures
Initially, all 14 QMs were evaluated to determine mean scores for each QM across the range of providers in the data set. Facilities in the data set that reported having no information available or whose numbers of residents were too small to report were not included in this analysis. Omitting facilities with little or no data reported was necessary because there was no way to distinguish between facilities that have no information available and facilities that have low QM scores. This was a limitation for this study.
As a gross estimate, the mean QM scores (reported as percentage of residents) were used to determine QMs that would be included in this analysis. Only QMs that had a more than 10% resident's mean score were included, indicating greater than 10% of the residents within the facilities reporting fell into that category. Staffing data described in hours per resident per day for each of 3 disciplines CNA, LPN, and RN were recoded by using 3 cut points to create 3 staffing levels for each discipline ( Table 2) . Using cut points, the range of staffing hours for each discipline was divided into thirds to establish low, medium, and high staffing levels for each discipline. Staffing data and QM data from the February 2004 data set were analyzed for this study. Analyses of variance (ANOVAs) using SPSS (SPSS Inc, Chicago, Illinois) were used to determine differences in dependent QM scores; the range of staffing levels for CNA/LPN/RN staff based on their number of hours per resident per day that each discipline worked in the nursing home was the independent variable. If significance levels were detected, planned contrasts using simple contrast and post hoc Bonferroni adjustments were calculated to further evaluate the significance levels. In the final analysis, the number of residents was used as a covariate to determine its effects on the differences detected in significant ANOVAs.
RESULTS
Sample distributions
The QM scores were checked for outliers and normality. The QM associated with low-risk residents who lose bowel or bladder control (incontinent) was the only QM that indicated normality was present using the Komorgorov-Smirov statistic (P = .080). The remainder of the plots appeared to be positively skewed.
Seven QMs had mean scores above 10 (see Table 1 ). This included 5 QMs from the long-stay category: (1) percentage of residents whose need for help with activities of daily living has increased, (2) percentage of high-risk residents who have pressure sores, (3) percentage of residents who have become more depressed or anxious, (4) percentage of low-risk residents who were incontinent, and (5) percentage of residents whose ability to move in and around their 246 QUALITY MANAGEMENT IN HEALTH CARE/VOLUME 17, ISSUE 3, JULY-SEPTEMBER 2008 room got worse; and 2 QMs from the acute category: (6) percentage of short-stay residents who had moderate to severe pain and (7) percentage of short-stay residents with pressure sores. The highest percentage of residents were long-stay residents (35.8%) who fell into the category of being low risk and were incontinent, followed by short-stay residents (24.8%) who were experiencing moderate to severe pain during their stay in the nursing home.
Using our cut points, staffing levels for CNAs in Missouri nursing homes are much higher than either LPN or RN staffing levels, ranging from less than 2.14 hours per resident per day to more than 2.59 hours per resident per day in some facilities. LPNs have nearly a 2:1 ratio of hours per resident per day in comparison with RNs in Missouri nursing home facilities. RNs spend a little less than 1 hour per resident per day in some of the most highly staffed facilities, whereas spending less than 1 / 2 hour in facilities with less RN staffing (see Table 2 ).
Analyses of variance
The ANOVA for the QM percentage of residents whose need for help with activities of daily living showed some significant main effects in the RN and LPN groups, F 2,374 = 3.48, P = .032 and F 2,374 = 3.45, P = .033, respectively (Table 3) . Levene's test for normality was not met, indicating that the groups did not have homogeneous variance. Effect size was small at 0.02; power was 0.6. The adjusted R 2 value was insignificant at 3%, indicating that little of the variance in scores could be explained by the differences in number of hours per resident per day worked by each group. Planned contrasts for the RN group indicated a statistically significant difference in level 3 from levels 1 and 2, F 2,374 = 3.48, P = .032. Planned contrasts for the LPN group also showed significant differences in level 3 from levels 1 and 2, F 2,374 = 3.45, P = .03. Post hoc Bonferroni test also indicated a significant difference in levels 1 and 3 of the RN and LPN groups, P = .005 and P = .03, respectively. Figure 1 illustrates the means plots for these findings.
The ANOVA for the QM percentage of high-risk residents with pressure sores did not detect significant interactions. Levene's test for normality of variance was not significant (P = .824), which indicated that there is homogeneity of variance across the groups. Independence of observations was presumed in the sample. The interaction between CNAs, LPNs, and RNs was not significant, F 8,152 = 0.539, P > .05. The effect size was between small and medium; partial η 2 value was 0.04. ANOVAs for both the percentage of residents who were more depressed or anxious and the percentage of residents whose ability to move in and around their room got worse were not significant. Levene's test for normality of variance was met in both cases (P > .05).
ANOVAs for the QM percentage of low-risk residents who were incontinent indicated significant differences in levels of the CNA group, F 2,318 = 3.94, P < .05. Observed power was calculated at 0.70. Effect size was small 0.02. Levene's test for normality of variance was nonsignificant (P > .05). Planned contrasts revealed that there was a significant difference between the means for CNAs with high hours per resident per day and the medium and low hours per resident per day. Post hoc Bonferroni test revealed a significant difference between levels 1 and 3 of the CNA group (P = .001). Estimated marginal means plots in Figure 1 show a complex set of plots for this QM, which illustrates the variability in scores for CNAs in comparison with other groups. ANOVA measures are displayed in Table 3 .
The ANOVA for the QM percentage of short-stay residents who had moderate to severe pain indicated significant differences in levels of the LPN group, F 2,231 = 4.74, P = .01 (see Table 3 ). Levene's test for homogeneity was not significant (P = .088). The adjusted R 2 value was only 5%. Effect size was between small and medium at 0.04. Power was 0.78. Planned contrasts revealed a significant difference, F 2,231 = 4.74, P = .010, between LPNs with a high number of hours per resident per day worked in comparison with LPNs with a medium and low number of hours per resident per day worked. There were also significant differences in levels of the LPN group that had medium and low numbers of hours per resident per day worked. A significance of P = .008 was found for each level. Post hoc Bonferroni correction analysis also indicated significant differences between each level of LPNs, with significance levels ranging from P = .002 to P = .008. Bonferroni corrections to P = .01 was also significant for differences between levels 1 through 3. Figure 1 contains the plots of the interactions between 3 LPN levels with other nursing groups. The interactions that are noted on the plots in Figure 1 indicate that as the RNs' number of hours per resident per day decrease, the hours are being replaced by LPNs and subsequently there is an increase in the mean scores of approximately 12 points. The significance with post hoc Bonferroni correction analysis was P = .05 and P = .01, respectively. Figure 1 demonstrates the interactions occurring between selected QMs and staffing levels.
Finally, results of the ANOVA for the QM percentage of short-stay residents with pressure ulcers found significant differences between levels of the RN group, F 2,320 = 4.05, P < .05, and the LPN group, F 2,262 = 3.32, P < .05; furthermore, there was significant differences between QM scores of facilities and number of hours per resident per day worked by LPNs and CNAs, F 4,191 = 2.41, P = .05. Post hoc Bonferroni correction analysis indicated significant differences between levels of the RN group with low and high staffing rates and between levels of the RN group with medium and high staffing rates (P ≤ .004); no significant differences in QM scores existed between low and medium staffed facilities. Among the levels of the LPN group, post hoc Bonferroni correction analysis indicated significant differences in QM scores between facilities with medium and high staffing levels (P = .002).
An ANOVA with the covariate, number of residents per facility, was investigated to determine if there were any differences in the mean percentages of groups already analyzed previously. The only significant interaction noted with the covariate occurred in the QM percentage of short-stay residents who had moderate to severe pain. The number of residents per facility was significant (P = .001).
DISCUSSION
Statistical measures in nearly half of the nursing QMs evaluated in this study revealed significant differences between the mean percentages of residents, with a quality concern in facilities with contrasting staffing levels. Specifically, QMs most sensitive to staffing measures in this study include longstay, low-risk residents who had become incontinent, residents whose need for help with activities of daily living has increased, short-stay residents who are having moderate to severe pain, and short-stay residents with pressure ulcers. For each of these QMs, plots shown in Figure 1 reveal differences in the means of CNA and RN/LPN groups, respectively. For example, the plots for low-risk residents who were incontinent indicate that as the level of RN staffing is held constant and the number of CNA staff increases, the percentage of residents who were incontinent also increases (∼5%). The same phenomenon persists when the number of LPN hours per resident per day is held constant as the number of CNA staff increases.
More residents were noted who had increased need for help with activities of daily living when licensed nurses were available to assess their status. The plots of significant findings in Figure 1 indicate that as RN levels rose enabling licensed staff members to spend at least 15 more minutes per day with residents, they were able to detect more resident needs that needed to be met; in addition, as LPN levels rose, they were also able to assess more needs, although it appears to take less time for a more highly trained person to evaluate needs than other kinds of staff.
Likewise, the percentage of short-stay residents who have moderate to severe pain appears to increase dramatically (∼10%) in facilities that have constantly lower levels of RN staffing (<0.30 hours per resident per day). In these same facilities, the percentage of short-stay residents with pain continues to rise, despite even higher levels of LPN staffing. In facilities that are mostly staffed by LPNs and CNAs, fewer short-stay residents with pain issues are found when both of these disciplines are understaffed; when LPNs and CNAs consume most of the hours per resident per day, there is a substantial increase in the number of short-stay residents experiencing pain.
Facilities reporting having 45 minutes or less of RN time per resident appear to have fewer pressure ulcers than facilities reporting higher RN staffing levels. Extreme levels of LPN staffing from low to high appear to also adversely affect the occurrence of pressure ulcers in short-stay residents (Fig 1) . When comparing the occurrence of pressure ulcers in short-stay residents, as LPN time is held constantly at the lower end (<0.53) and CNAs hours per resident per day increase, the frequency of pressure ulcers in short-stay residents increases by more than 6%. In contrast, as licensed LPNs are consistently employed more often at rates greater than 0.73 hours per resident per day and the number of CNAs is also increased, the outcome is reversed, resulting in 3% less short-stay residents experiencing pressure ulcers.
These findings would be consistent with the level of care that is required of staff to care for persons are incontinent, residents who have increased support needs, persons experiencing increased pain, and persons developing pressure ulcers. Specifically, toileting activities and assistance with activities of daily living (ie, bathing, eating, etc), while evaluated by RNs, are mostly carried out by CNAs. Therefore, lower staffing levels in this category of staff would adversely affect the scores. This may also be evident in the interaction between the different staffing levels of RNs and LPNs, as shown in Figure 1 , where the scores appear to increase significantly with higher staffing levels of LPNs rather than the more highly trained RNs. Furthermore, persons who are experiencing pain typically require the assistance of professional nursing personnel to assist in pain relief measures (ie, medication administration). Lower levels of staffing hours per resident would adversely affect the scores associated with this parameter because if there is no staff to provide pain relief measures, patients will experience more pain.
LIMITATIONS
Limitations of this evaluation are that the nursing homes included in this study were not controlled for by ownership level or bed size. Therefore, nursing homes that are privately owned versus nursing homes that are nonprofit making, large or small, were compared with each other. There may be significant 250 QUALITY MANAGEMENT IN HEALTH CARE/VOLUME 17, ISSUE 3, JULY-SEPTEMBER 2008 differences in how these types of nursing homes manage their patients organizationally. This may be a confounding variable in the findings. Another limitation is that nursing homes that have frequent citations for deficiencies in care versus nursing homes that have infrequent citations in deficiencies were not controlled. This information is available as another data set in Nursing Home Compare. There may be significant differences in the care provided by nursing homes that have frequent citations for deficiencies. It is an assumption that these nursing homes would have higher QM scores because they are receiving deficiency notices issued by the state for inadequate care. This study is also limited in generalizability because it includes facilities in 1 state only. Finally, it is limited in scope; the data include information reported only during the first quarter of 2004. More longitudinal work over successive quarters is needed to see whether staffing continues to affect QMs in these nursing homes.
CLINICAL IMPLICATIONS
This study provides further evidence of the importance of staffing levels and mix when caring for the extensive needs of the nursing home patients. All types of health care providers are needed in the right staffto-resident ratio to meet the needs of frail elders in nursing homes. Inadequate staffing affects the ability of residents to receive the basic care that they need to maintain the highest level of well-being possible. 9 One possible solution for nursing home leaders is to embrace new ideals for operating their homes, instituting new methods of getting work done, and capitalizing on the intellectual capital in the facility. Nursing home staff armed with appropriate knowledge, tools, and administrative support can readily overcome some of the barriers encountered for individual residents before problems arise. 20 For example, providing training about and access to current evidence-based practice guidelines for commonly recognized problems could provide the health care provider with a set of responses or clinical paths to consider for treatment of residents more quickly and effectively before problems arise. Access to these tools enables better decision making for care that should be delivered to the right resident, at the right time, and in the right situation.
Although overlooked in most nursing homes, 21, 22 expectations for information technology are that they would improve staff productivity, reduce errors, and improve health of residents. 23 Improvements in staff productivity would occur because of enhanced connectivity between health care providers at the point of care. 21 Improved communication through wireless handheld communications could provide more efficient use of staff time by reducing the face-to-face contact that nursing home staff now needs to communicate about residents. Furthermore, this form of communication could be structured to include evidenced-based messages that inform providers about recommended procedures, policies, and for training purposes. Redesigning care delivery services in this way allow staff members to organize their time so they spend more time with patients at the bedside. Information systems are now being implemented in nursing homes that have messaging systems that enable all types of health care providers to send messages electronically about resident care from anywhere in the nursing home. 24 Research in these settings have shown that although costs may increase during the implementation of these information technology systems, better patient outcomes can be achieved because of improved efficiencies. 15 
CONCLUSION
Nursing home QMs are an important means to determine the level of quality being offered by nursing homes. QMs offer a standardized means to evaluate the quality of care given by a facility. Furthermore, consumers, researchers, and organizations that work closely with nursing homes can access large data sets that provide information regarding quality of nursing care. This information can have great impact on a consumer's ability to choose a nursing home or develop best practice standards within the nursing home setting.
It is important to continue to evaluate quality of care in nursing homes with these newly modified QMs. Strategies for quality improvement must go beyond the basic regulatory approach. Utilization of large data sets such as Nursing Home Compare can help us build strategies for quality improvement within the nursing home community.
